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Abstract
In view of the previous studies on uncontrollable construction cost, which mostly were based on the practical experiences and 
subjective speculating, the conclusions were empirical and lack of data support. In order to solve this problem, the quantitative 
analysis methods are introduced here. The application of ABC analysis method can distinguish the minor-key factors from 
tremendous factors which influence the cost changes. And the complete decomposition of construction cost changes can
decompose the main effects of the cost changes to define the key effects. Through applying these two methods, the construction
cost can be controlled by mainly controlling the key factors and effects of the projects. Besides, project data of uncontrollable
construction cost can be accumulated to provide objective and scientific suggestions on controlling cost. A completed small civil 
engineering is presented as an example.
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1. Introduction
Through reviewing the previous studies on reasons why construction cost always got out of control, the 
conclusion that most of the studies are based on the practical experiences and subjective speculating of senior 
engineers can be drawn[1-6]. How to utilize the fore passed data of construction costs of completed projects to offer 
more scientific and reasonable possibilities of the uncontrollable cost and therefore provide some countermeasures 
for new or planned similar projects needs the integrated application of data processing and calculation means. ABC 
method of analysis is a method of data processing used for distinguish the minor-key factors from the major 
secondary factors. The data will be divided into three groups based on their significance and their proportion. The 
complete decomposition model is used to decompose the key factors which influenced the changes of construction 
cost mostly. Through analyzing the contributions of quantity change effect and unit price change effect of each 
subentry engineering respectively, the main causation of the uncontrollable construction cost can be figured 
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scientifically. By analyzing and accumulating the data of completed projects, the knowledge, experiences and the 
patterns of controlling cost, which embodied in the data, will be attained. Consequently, the subjective factors which 
influence the policymaking will decrease, and the data accumulation will be more scientific and reasonable.
2. Data processing and analysis methods
2.1. ABC analysis method [7]
ABC analysis method is introduced by Italian economist Barrett in the 19th century into the economic field, also 
known as the Barrett analysis method or key management method. The basic principle can be generalized as 
‘distinguish primary from secondary, manage group by group’, and its key lies in differentiating the minor-key
factors from the major secondary factors. This method divides the objects into three classes as A, B, C of which 
class A is the most important object of management. When ABC analysis method is applied to analyze the key 
factors of uncontrollable construction cost, the procedures are as follows:
• Step1. Calculating the value of the changes of aggregate price of subentry engineering;
• Step2. Ranking the subentry engineering according to the change values of aggregate prices in a descending 
order;
• Step3. Calculating the proportions of subentry engineering to their belonged branch engineering as well as the 
proportions of branch engineering to the whole project;
• Step4. Calculating the cumulative proportions;
• Step5. Classifying the subentry engineering based on their cumulative proportions.
As the cumulative proportion reached 80%, the subentry engineering or branch engineering involved can be 
sorted in class A. As the cumulative proportion is in the range of 80% to 95%, the subentry engineering or branch 
engineering involved can be sorted in class B. The rest can be sorted in class C. Because the importance of class A 
when influencing the changes of the construction cost, sub-projects which belong to class A will be decomposed to 
identify the main key effects.
2.2. The complete decomposition model of construction cost change [8]
For each subentry engineering, the aggregate price equal to the quantity multiplied by unit price. And the direct 
engineering cost is the sum of the aggregate prices of subentry engineering,
ij ij ijP Q U=                                                                                                                                                    (1)
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Where    Pij——the aggregate price of the number j subentry engineering of the number i branch engineering;
Qij——the quantity of the number j subentry engineering of the number i branch engineering;
Uij——the unit price of the number j subentry engineering of the number i branch engineering;
C——the direct engineering cost of the whole project.
Assume the time of project bidding as the initial time 0, and the time of the settlement as the final 
time t. Therefore the change of construction cost, the quantity change effect and the unit price change effect can be 
expressed as follows:
0C tC C∆ = −                                                                                                                                                  (3)
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As the decomposition is complete, therefore:
C effect effectCQ CU∆ = +                                                                                                                                     (6)
For branch engineering:
0t
i i iP P P∆ = −                                                                                                                                              (7)
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For subentry engineering:
0t
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To the whole direct engineering cost, the change of branch engineering is:
isector ij ij ij ij ij ij
j j j
C U Q Q U Q U∆= + + ∆∆ ∆∑ ∑ ∑                                                                                               (15)
To the whole direct engineering cost, the change of subentry engineering is:
ijsector ij ij ij ij ij ij
P U Q Q U Q U= + ∆ ∆+∆ ∆                                                                                                             (16)
In the index form, then:
0 0 0
effect effectC C CQ C CU C= +∆                                                                                                               (17)
0 0 0
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0 0 0
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3. Case study
There is one project whose settlement exceeded the budget significantly. Now through comparing the bid 
proposal with settlement, the main influencing factors of this over the budget phenomenon in the construction stage 
are analyzed. The result of the analysis can be accumulated as referential experiences for similar projects. (Due to 
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space limitations, the initial data are omitted).
Based on ABC analysis method, the branch engineering can be classified as shown in Table1.
Table 1. Classification of cost changes of branch engineering
Class Project name
Cost changes
(Yuan)
Percentage of cost 
changes of branch 
engineering to total（%）
Accumulative percentage 
of cost changes of branch 
engineering to total（%
）
A
Foundation engineering 395171.7 38.84% 38.84%
Earth and rock engineering 274229.7 26.95% 65.79%
Concrete and reinforced concrete 
engineering 149398.6 14.68% 80.47%
B
Wall and cylindrical engineering 126857.8 12.47% 92.94%
Flooring engineering 75056.22 7.38% 100.32%
C
Doors and windows engineering 55053.28 5.41% 105.73%
Laying engineering 10949.44 1.08% 106.81%
Ceiling engineering 1557.56 0.15% 106.96%
Roofing and waterproof 
Engineering -70888.67 -6.97% 100.00%
Total 1017386.31 100.00%
For the branch engineering belong to class A and B, according to the formula (3) - (10), (17), (18), the 
contributions of the changes of quantities and the changes of unit price of each branch engineering to the whole 
change of the direct engineering cost are calculated respectively. The result is shown in Table 2. Where the effect of
quantity change represents the contribution of the changes of aggregate price of the branch engineering caused by 
the changes of quantities of subentry engineering to the whole direct engineering cost; and the effect of unit price 
change represents the contribution of the changes of aggregate price of the branch engineering caused by the 
changes of unit prices of subentry engineering to the whole direct engineering cost.
Table 2. The analysis on effects of direct engineering cost changes 
Class Project name Cost changes
Contribution to direct engineering cost changes
Effects of quantity 
Changes
Effects of unit 
price changes
Effects of aggregate 
price changes
A
Foundation engineering 395171.71
0.063 0.063 0.126
19.42% 19.42% 38.84%
Earth and rock engineering 274229.66
0.0565 0.0309 0.0874
17.42% 9.54% 26.95%
Concrete and reinforced 
concrete engineering 149398.58
0.0466 0.001 0.0476
14.38% 0.31% 14.68%
B
Wall and cylindrical 
engineering 126857.82
0.0155 0.0249 0.0404
4.78% 7.69% 12.47%
Flooring engineering 75056.22
-0.0036 0.0275 0.0239
-1.11% 8.49% 7.38%
Total 1017386.3
0.1982 0.1261 0.3243
61.12% 38.88% 100.00%
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Register: The effects are all in index form; the percentages in [] represent percentage of branch engineering to total
The result indicates that the main influencing factor of the direct engineering cost in construction stage is the 
divergence between the initial quantity bill and the final practical quantity according to the analysis result that the 
proportion of the quantity change effect is 61.12%. For each branch engineering, the foundation engineering, the 
earth and rock engineering and the concrete and reinforced concrete engineering contributed more than 80% of the 
exceeding budget; as well as the flooring engineering and the wall and cylindrical engineering also play a positive 
part in exceeding budget. The quantity change effect was mainly attributed by the foundation engineering and the 
concrete and reinforced concrete engineering, wherever the unit price change effect was mainly attributed by 
foundation engineering and flooring engineering.
• Foundation engineering
Among all branch engineering, the foundation engineering contributed greatest, which take up almost half the 
change of direct engineering cost. According to the settlement, the foundation engineering’s subentry engineering 
are all newly added which came from engineering changes. Based on that we can speculate that the items about 
foundation treatment in bill of quantities have been omitted in bidding which led to the deficiency of budget. 
Tracing to its source, the main reasons are lacking detailed engineering geological investigation, omitting the 
careful study and analysis on the engineering geological investigation report or the inaccuracy of the engineering 
geological investigation report. The design of the foundation is influenced by the engineering geological 
investigation report significantly, so the phenomenon mentioned above can lead to the additional cost of foundation 
treatment. Therefore, the clients must focus on the management of the engineering geological investigation and 
guarantee its accuracy. Besides, during the process of inviting tender, the tender documents should be based on the 
careful study of the engineering geological investigation report in case of omitting some quantities of subentry 
engineering. 
Based on ABC analysis method and formula (7)-(14),(19), the earth and rock engineering and the concrete and 
reinforced concrete engineering are decomposed and analyzed respectively. 
• Earth and rock engineering
The subentry engineering of the earth and rock engineering can be classified as shown in Table3. The sub-
projects which belong to class A are chosen to be decomposed. The result is shown in Table4.
Table 3. Classification of cost changes of earth and rock engineering
Class Project name
Cost changes
(Yuan)
Percentage of cost 
changes of branch 
engineering to total（%）
Accumulative percentage of 
cost changes of branch 
engineering to total（%）
A Digging silt and sand 194052.012 70.76% 70.76%
B Disposal of waste 67241.55 24.52% 95.28%
C
Digging foundation earthwork 6667.87 2.43% 97.71%
Backfilling of earthwork 6228.19 2.27% 99.98%
Ground leveling 40.04 0.01% 100.00%
 Total 274229.7 100.00%  
Table 4. The analysis on effects of earth and rock engineering cost changes
Class Project name Cost changes
Contribution to earth and rock engineering cost changes
Effects of quantity 
Changes
Effects of unit 
price changes
Effects of aggregate 
price changes
A
Digging silt and sand 194052.012
1.083 1.083 2.166
35.38% 35.38% 70.76%
B
Disposal of waste soil 67241.55
0.7506 0 0.7506
24.52% 0.00% 24.52%
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Total 274229.7
1.978 1.083 3.061
64.62% 35.38% 100.00%
Register: The effects are all in index form; the percentages in [ ] represent percentage of subentry engineering to branch engineering
The result indicates that, for earth and rock engineering, the subentry engineering which exceeding the budget 
mostly is the engineering of digging silt and sand and disposal of waste soil. The digging of silt and sand was caused 
by the project alteration, contributing to the increase of earth and rock engineering cost more than 70%. This 
increase of the fee was also caused by the inaccuracy of the engineering geological investigation report. As well as 
the disposal of waste soil contributed 24.52% of the increase of cost which all came from the effects of its quantity 
changes. In this engineering, the constructor demanded to consider the loose coefficient of the earth and rock which 
subsequently causing the increase of quantity. This phenomenon indicates the constructor can utilize the holes of the 
tender documents and construction contrasts to earn extra benefits. Therefore, the strictness and seriousness of the 
tenders and the contrasts must be guaranteed. 
• Concrete and reinforced concrete engineering
The subentry engineering of concrete and reinforced concrete engineering can be classified as shown in Table5. 
The sub-projects which belong to class A are chosen to be decomposed. The result is shown in Table6.
Table 5. Classification of cost changes of concrete and reinforced concrete engineering
Class Project name
Cost changes
(Yuan)
Percentage of cost 
changes of branch 
engineering to total (%)
Accumulative percentage 
of cost changes of branch 
engineering to total (%)
A 
Reinforcements in cast-in-
situ concrete 96766.24 64.77% 64.77%
The beam house foundation 26661.17 17.85% 82.62%
B 
The cast-in-situ concrete
slab 17486.63 11.70% 94.32%
C 
Steel welded joints 13162.6 8.81% 103.13%
… … … …
Straight wall of the 
basement -28008.96 -18.75% 100.00%
 Total 149398.58 100.00%
Table 6. The analysis on effects of concrete and reinforced concrete engineering cost changes
Class Project name Cost changes
Contribution to concrete and reinforced concrete engineering 
cost changes
Effects of 
quantity changes
Effects of unit 
price changes
Effects of aggregate 
price changes
A 
Reinforcements in cast-
in-situ concrete 96766.24
0.0407 0.0025 0.0432
60.96% 3.81% 64.77%
The beam house 
foundation 26661.17
0.0139 -0.002 0.0119
20.88% -3.03% 17.85%
B 
The cast-in-situ 
concrete slab 17486.63
0.0078 0 0.0078
11.70% 0.00% 11.70%
 Total 149398.58
0.0653 0.0014 0.0667
97.89% 2.11% 100.00%
Register: The effects are all in index form; the percentages in [ ] represent percentage of subentry engineering to branch engineering
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According to the results shown in table 6, three engineering, the engineering of reinforcements in cast-in-situ 
concrete, the beam house foundation, and the cast-in-situ concrete slab, play the main parts of the increase of 
engineering cost. The changes of this three engineering have the main share of the total cost changes of concrete and 
reinforced concrete engineering, which is about 94.32%. Apparently, the changes of quantities of this three 
engineering are the main functions. These changes mainly came from divergence between the initial quantity bill 
and the final practical quantity. So during the construction stage, the clients and the supervision companies should 
strengthen the management of project alterations and field visas, strictly examine the engineering which quantities 
changes significantly and refuse to increase the project payment of additional engineering quantities result from 
their own reasons.
4. Conclusion
Through applying the ABC analysis method and the complete decomposition model of construction cost change, 
the influence factors of the uncontrollable construction cost of completed projects can be quantitatively analyzed to 
define the key factors which are minor but have tremendous impacts. With these factors, we can analyze the main 
effects furthermore conclude the specific reasons why a project’s cost lost control. To summarize, the main reasons 
include: 
• The existing phenomenon of lacking the process of engineering geological investigation or inaccuracy of
engineering geological investigation report;
• The tenders and the contrasts lack the strictness and seriousness;
• The project alterations and field visas lack strict examination.
These results can provide the key points of controlling the construction cost of planned or new similar projects 
and forecast the difficulties in cost control that may happen to give corresponding suggestions. By accumulating the 
data of difficulties in controlling construction cost, we can draw a conclusion that the main strategies of controlling 
construction cost is as follows:
• To implement the engineering geological investigation seriously and focusing on the management of that. 
• To strengthen the management of the tender documents and the construction contrasts.
• To check the project alterations and field visas strictly and seriously.
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